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RESEARCH MEMORANDUM 

ION-SPEED INVESTIGATION OF THE AERODYNAMIC LOADS ON 
THE DROOP-NOSE FLAP OF A NINO WITH LEADING EDGE 
SWEPT BACK' 47.5° AND HAVING SYMMETRICAL 
CIRCULAR-rARC AIRFOIL SECTIONS AT A 
REYNOLDS NUMBER OF 4.3 X 10^ 

By Edward F. Whittle, Jr., and Marvin P. Fink 

SUMMARY 


An investigation has been made in the Langley f ull- scale tunnel at 

a Reynolds number of 4.3 x 10^ and a Mach number of 0.07 of the pressure 
distribution on the full-span droop-nose flap of a wing with the leading 
edge swept back 47*5° end having symmetrical circular-arc airfoil sections. 
Flap pressure distributions were obtained for the basic configuration, the 
full— span droop-nose flap deflected 10°, 20°, 30°, and 40°, the semispan 
plain flap deflected 40°, and the full— span droop— nose flap deflected 40° 
in combination with the semispan plain flap deflected 40°. 

The loading on the undeflected droop-nose flap generally shifted 
inboard with increasing angle of attack. Deflecting the droop-nose flap 
reduced the loading on the inboard sections and increased the loading 
on the outboard sections so that, at a given angle of attack, the center 
of pressure was shifted outboard and rearward. Deflecting the plain 
flap 40° In combination with the droop-nose flap either undeflected or 
deflected had no appreciable effect on either the character of the 
loading produced by the droop-nose flap or the center— of— pressure 
location. 

The maximum flap normal-force and hinge-moment coefficients 
of 1.98 and 0 . 85 , respectively, were attained for the conf iguration 
with the droop-nose flap deflected 40°. Calculations Indicate that the 
hinge moment of this droop-nose flap would not be excessive in the 
normal landing— approach condition for -this sweptback wing. 
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IlfIROIXJCTION 


Wings being designed for high-speed flight are incorporating thin 
airfoil sections and large angles of sweep, which usually result in low 
maximum lift‘coefficients and poor stalling characteristics. The 
application of leading-edge high— lift devices has been shown to be 
effective in providing an improyement-±n the low— speed characteristics. 
Accordingly, interest has been expressed regarding the aerodynamic 
loads on le ad ing— e dge flaps in the landing-flight regime. Some two- 
dimensional data on a droop-nose flap are presented in reference 1. 

Some three-dimensional results for a partial— span extensible leading— • - 
edge flap (reference 2) and a partial— span droop-nose flap (reference 3) 
are currently available but, in general, few experimental data are 
available concerning the loading on the leading-edge flaps of sweptback 
wings. ■ • — 

Although the difference between the leading-edge sweep of the wings 
of references 3 and 4 was not large, it was believed that the greater 
intensity of the leading-edge separation on the wing of reference 4 
would influence the droop-nose— flap loading. Thereforej the pressure 
distributions on the full— span droop-nose flap of the wing of reference 4 
were determined and are reported in this paper. The tests were conducted 
in the Langley full-scale tunnel with and without a plain flap 
deflected 40° at a Reynolds number of 4.3 X 10^ and a Mach number 
of 0.07 • 


SYMBOLS 


°L 


R 


"Of 


wing lift coefficient 
pressure coefficient ^ 

resultant pre satire coefficient (Plover — ^upper) 
droop— nose— flap section normal— force coefficient, 
I Pr> df^M, positive when force is up 

Jo \ c f ) 
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°*f 


°-f 

s 


)xf 


(C.P.) yf 


p 

2 o 

q 

s 

w/s 

Xf 


c f 


c f » 


Of 


droop-nose— flap section hinge-moment coefficient, 
'1 


Jo p * * # 


, positive when flap tends to 


deflect upward 

droop-nose-flap normal-force coefficient. 


X 1 ^ v i%} posiut ° 


when force is up 
droop-nose-flap hinge-moment coefficient, 

I, positive when flap tends to 


r -©* 

deflect upward 


chordwise location of the flap center of pressure, 
percent flap chard from the leading edge 

spanwise location of the flap center of pressure, 
percent flap span from the inboard end 

local static pressure 

free— stream static pressure 

free— stream dynamic pressure 

wing area 

wing loading 

chordwise coordinate measured from and normal to the 
hinge line 

local chord of droop-nose flap, normal to the hinge 
line 

mean chord of droop-nose flap, normal to the hinge 
line 

root-mean— square chord of droop-nose flap, normal to 
the hinge line 
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c ' chord perpendicular to the line of maximum thickness 

yf sparry ise coordinate, measured from, the inboard end of 

the flap and along the hinge line 

b f span of the droop-nose flap, measured along the hinge 

line 

a angle of attack, degrees 

8 n full— span droop-nose— flap deflection, degrees 

semi span— plain-flap deflection,, degrees 
V forward velocity, miles per hour 

MODEL AND ZESTS 


Model .— The wing model used for this investigation had the leading- 
edge swept back 47* 5 ° j 10 — percent— thick symmetrical circular-arc airfoil 
sections perpendicular to the line of maximum thickness, an aspect’ ratio 
of 3 . 5 , and a taper ratio of 0.5« The full— span droop-nose flap and 
semispan plain flap had chords which were 20 percent of the wing chord 
measured perpendicular to the line of maximum thickness. The detailed 
geometric characteristics of the wing equipped with these flaps are 
shown in figure 1 . 

The flaps were hinged at the lower surface, and when deflected, 
the gap in the upper surface was sealed and faired to the wing contour. 
The upper and lower surfaces of the full— span droop-nose flap were 
fitted with pressure orifices which were arranged in chordwise rows 
perpendicular to the hinge line of the flap. These chordwise and span— 
wiBe locations of pressure orifices are shown in figure 2. Orifices 
were not installed on the fairing. 

Tests .— The tests were made over a large angle— of -at tack range at 

a Reynolds number of 4.3 x 10^ and a Mach number of O. 07 . The configura- 
tions tested included the basic wing, the wing with fa) the semispan 
plain flap deflected 40°, (b) the full— span droop-nose flap deflected 
10 °, 20°, 30 °, and 40°, and with (c) the semispan plain flap deflected 
40° in combination with the full— span droop-nose flap deflected 40°. 

The pre ssur es on the upper and lower surfaces of - the full— span droop- 
nose flap were measured on a multiple— tube manometer and photographically 
recorded. 
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PRESENTATION OF DATA 


The selection of a full-span droop-nose flap was "based on the 
results of reference 5« These results showed that although a full— span 
droop— nose flap produced a tendency for static longitudinal Instability 
at maximum lift, it produced a more linear pitching-moment curve up to 
maximum lift* a higher maximum lift coefficient, and more favorable 
lift-drag ratio characteristics near maximum lift than did a partial- 
span droop-nose flap. 

The configurations tested were the droop-nose flap deflected 0°, 

10 ° , 20 ° , 30 °, and. 40°, the plain flap deflected 40°, and the droop- 
nose flap deflected 40° in combination with the plain flap deflected 40° 
In order to facilitate the analysis of the data for the configurations 
showing the greatest effects on the flap loading characteristics , only 
the data for the droop-nose flap deflected Q° and 40°* the plain flap 
deflected 40°, and the droop-nose flap deflected 40° in combination 
with the plain flap deflected 40° are presented in the figures. The 
basic data for droop-nose-flap deflections of 10 °, 20 °, and 30 ° are 
given in tables I, H, and ZEE. The variations of lift coefficient with 
angle of attach for the various configurations are presented in figure 3 
The pressure distributions on the droop— nose flap are given in figures 4 
to 7 and the variations of the section normal— force and hinge-moment 
coefficients with angle of attack are shown in figure 8 . The spanwise 
variations of the loading parameters are presented in figures 9 to 12 . 
The effect of various angles of droop-nose-flap, deflection on the span- 
wise loading paramsters at two angles of attack is given in figure 13 . 
The variation of the flap normal— force and hinge-moment coefficients 
with angle of attack is given in figure 14, and the spanwise and chord- 
wise variations of the canter— of— pressure locations with angle of 
attack are presented in figure 15« The variation of the calculated flap 
hinge moment with airspeed for three landing configurations is shown 
in figure 16 . 

The data have been corrected for the support tares, the blocking 
effect, stream alinement, and the jet-boundary effect calculated on the 
basis of an unswept wing. Since representative calculations showed 
the chordwise-force coefficient to be of the order of 1 percent of the 
normal— force coefficient, the chordwise-force coefficient was neglected 
in determining the hinge— moment coefficients. 
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EESULTS AM) DISCUSSION 
Flow and Section Characteristics 


The flap chordwise pressure distributions for the undeflected flap 
(fig. 4) show the characteristic peak-negative— pressure concentration 
at the leading edge for the most inboard station. As indicated by the 
movement of the negative— pressure "bump" with increasing angle of attack, 
the separation vortex is shown to move rapidly* spanwise and rearward 
from, the flap leading edge. This phenomenon, is discussed in detail in 
reference 4. Since the deflection of the plain flap (fig. 5) has mainly 
the effect of increasing the section lift at a given angle of attack, the 
chordwise distribution of pressures is essentially the same as for the 
neutral flap configuration. Deflection of the droop-nose flap (fig. 6) 
effectively introduces a large local camber increase at the leading edge 
which reduces the tendency for early flow separation and development of 
the leading-edge separation voruex. In general, wherever comparison 
can be made, the pressure distributions presented in this paper 
(figs. 4 to 7) 81,0 similar to those for the deflected flap of the 42° 
sweptback wing of reference 3, and for this reason it is believed that 
with the flap deflected a similar type of flow occurs for both plan 
forms. 


In order to show more clearly the over-all droop-nose— flap section 
characteristics, the flap section normal-force and hinge-moment coeffi- 
cients are presented as functions of angle of attack (fig. 8) . Deflecting 
the plain flap 40° causes tip stall to move progressively inboard at a 
lower angle of attack and deflecting the droop-nose flap 40° delays the 
Inboard progression of tip stall, as compared to the basic unflapped 
configuration. Inasmuch as the stalling of this thin swept wing is 
characterized by leading-edge separation, the leading-edge flap has a 
pronounced influence on the control of tip stall when deflected in 
combination with the plain flap. Except for the most outboard sections, 
none of the flap sections has attained its mw-rimum loading condition 
at the highest angle of attack tested (a = 21.5°) • 


Spanwise Loading Parameters and Centei^-of— Pressure Variation 

The basic configuration (fig. 9) shows an almost uniform spanwise 
loading distribution for angles of attack up to 6.6°, beyond which the 
most outboard section (0.882bf) stalls. With increasing angle of attack, 
there is no further increase in load on the outboard sections, but there . 
is an increase In load on the inboard sections until, at an angle of 
attack of 18.0°, the 0.064b f section is carrying Its maximum load. The 
flap spanwise and. chordwise center— of— pressure locations vary between 
33 and 44 percent of the flap span and 50 and 55 percent of the flap 
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chord, respectively (fig. 15) • Deflecting the plain flap 40° increases 
the loading for a given angle of attack, hut has no appreciable effect 
on either the characteristic loading (fig. 10 ) or the spanwise and 
chordvise center— of —pres sure locations (fig. 15 ) in the high angle— of— 
attack range. 

Deflecting the droop-nose flap 40° (fig. 11) produces a change in 
the characteristic loading over the droop— nose flap. The delay of 
leading-edge separation and the delay of tip stall (fig. 6 ) reduce the 
loading on the inhoard sections and enable the outboard sections to 
carry more load than the corresponding undeflected flap sections 
(figs. 9 and 11 ), so that, at a given angle of attack, the center-of— 
pressure location shifts outboard and rearward (fig. 15) * With the 
droop-nose flap deflected 40°, the spanwise center— of— pressure location 
varies from. 50 to 43 percent of the flap span (fig. 15 ) stud the chordwise 
center-of -pressure location varies from 77 to 57 percent of the flap chord 
between angles of attack of 14.4° and 25 . 8 °, respectively (fig. 15). 

The effect of droop-nose-flap deflection on the spanwise flap 
loading for angles of attack of approximately 14.2° and 23 . 8 ° is presented 
in figure 13 . In general, increasing the droop-nose-flap deflection 
progressively decreases the loading over the inboard flap sections and 
increases the loading over the outboard flap sections. Far the angle of 
attack of 23 . 8 ° (fig. 13 ), the data far a droop-nose— flap deflection 
of 10° show that 'all sections are stalled at this angle of attack. Far 
a given angle of attack, progressive increases in droop-nose-flap deflec- 
tion cause the spanwise and chordwise center— of -pressure locations to 
shift outboard and rearward, respectively (fig. 15 ). 

The addition of the plain flap deflected 40° in combination with 
the droop-nose flap deflected 40° (fig. 12 ) increases the magnitude of 
the loading for a given angle of attack, but has no effect on the character 
of the loading developed by the droop-hose flap (fig. 11) . Neither the 
spanwise nor chordwise centereof— pressure locations (fig. 15 ) are 
appreciably affected by the addition of the plain flhp. 

The characteristic loadings on the partial— span droop-nose flap of 
reference 3 are similar to those presented in this paper, which indicates 
that these data represent generally the droop-nose-flap loadings for wings 
in the sweep range of 45° and having thin sharp-edge sections. 


Flap Normal-Force and Binge— Moment Coefficients 

The flap maximum normal-farce and hinge-moment coefficients for the 
basic configuration are I .72 and 0 . 80 , respectively, at an angle of 
attack of 16.0° (fig. 14) . Deflecting the plain flap 40° increased the 
flap normal-force and hinge -moment coefficients far a given angle of 
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attack but reduced their maximum values to 1.62 and O. 78 , respectively, 
at an angle of attack of about 14.0°. With the droop-nose flap 
deflected 40°, . the flap normal— f or ce and hinge-moment coefficients are 
reduced by about 1.00 and 0 . 62 , respectively, as compared to the 
undeflected flap for a given angle of attack, but their maximum values 
are increased to 1.98 and 0 . 85 , respectively, at an angle of attack of 
about 26°. The combination of the two flaps deflected 40° reduced the 
flap normal— force and hinge-moment coefficients by about 0.72 and 0.48, 
respectively, for a given angle of attack. Maximum flap normal-force 
and hinge-moment coefficients were not- attained, but it appears that 
larger maximum values than for any other configuration tested would be 
attained at angles cf attack greater than 21.5°. 

In order to obtain an estimate of the hinge moments which an 
actuating mechanism would be required to overcome, when deflecting and 
raising the droop-nose flap for various landing configurations, the 
flap hinge moments about the hinge axis are presented for a wing loading 
of 40 pounds per square foot for three landing configurations (fig. 16 ) . 
From this information it is clearer than from the basic hinge-moment 
coefficient plots that there is a relatively rapid load reduction as the 
droop-nose flap is deflected in the landing approach and then a load 
increase as the flight speed is reduced. The magnitude of the maximum 
hinge moment - should not be excessive for the usual mechanical flap- 
actuating systems. 


CONCHJEENG ES4AKKS 

The results of an investigation to determine the pressure distri- 
bution on ..the droop-nose flap of- a wing with the leading edge swept 
back 47.5 0 and having symmetrical circular-arc airfoil sections indicate 
the following : ' 

1. The loading on the undeflected droop-nose flap generally shifted 
inboard with increasing angle of attack. Deflecting the droop-nose flap 
reduced the loading on the inboard sections and increased the loading on 
the outboard sections, so that, at a given angle of attack, the center 
of pressure was shifted outboard and rearward. 

2. Deflecting the plain flap 40° In combination with the droop-nose 
flap either undeflected or deflected had no appreciable effect on 
either the character of the loading produced by the droop-nose flap or 
the center— of— pressure location. 

3 . The maximum flap normal— force and hinge-moment coefficients 

of I .98 and O. 85 , respectively, were attained for the configuration with 
the droop— nose flap deflected 40°. 
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4. Calculations show that the maximum droop-nose-flap hinge 
moments developed in the landing-flight range should not be difficult 
to control by the usual flap-operating systems. 


Langley Aeronautical Laboratory 

. National Advisory Committee for Aeronautics 
Langley Air Force Base, Va. 
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"TA BL E I.— FLAP PRESSURE C0EFFXCXEl?rS FOR TEE EKOOF-lfGSE FLAP DEFLECTED 
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TABUE X.— Concluded 
(c) 6 n = 30° 
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TABLE HI.— WING- LIFT CQEFlICmwrS AND FLAP NORMAL-FORCE AND 
BINtaB-MCMENT PARAMETERS FOB THE DROOP-NOSE FLAP DEFLECTED 


& n - 100 


a, 

deg 

\ 7f 
\ 

9l\ 

°n f( c f/V) 

c *f( c f/ c f, 

r 

0.064 

0.264 

0.467 

O.675 

0.882 

0.064 

0.264 

0.467 

0.675 

0.882 

4.9 

.21 

0.266 

0.510 

0.431 

0.311 

0.280 

0.156 

0.216 

O.158 

0.118 

0.076 

8.6 

•37 

.615 

1.111 

1.045 

.824 

.579 

• 3^7 

.592 

.486 

-300 

.198 

12.3 

.58 

1.298 

1.705 

1.643 

1.057 

.728 

.932 

.906 

.689 

.387 

.209 

14.2 

.70 

1.809 

2.217 

1.830 

1.054 

.669 

1.249 

1.049 

•750 

.368 

.193 

X9.9 

.85 

2.758 

2.865 

1.822 

1.145 

.652 

1.915 

1.220 

.732 

.349 

.193 

23.8 

• 90 

2.958 

2.399 

1.653 

1.070 

.611 

2.049 

1.054 

.681 

.345 

.174 


&□ «= 20 ° 


a, 

deg 

\ ££ 
\b f 

9lV 

Cn f ') 

° h f (° f / c t) S 

0.064 

0.264 

0.467 

0.675 

0.882 

0.064 

0.264 

0.467 

O.675 

0.882 

4.9 
10.5 

14.2 

16.2 

19.9 
23.8 

.18 

.41 

.60 

.65 

.81 

.88 

-0.446 

-.751 

1.4ll 

1.628 

2.372 

3.126 


0.299 

.976 

1.584 

1.987 

2.324 

1.951 

0.149 

.759 

1.268 

1.437 

1.249 

1.065 

0.086 
.621 
1.013 
• 957 
.721 
.651 

-0.305 

.327 

.806 

.958 

1.421 

1.922 

-0.008 

.396 

.886 

.950 

1.293 

1.328 

0.053 

.431 

• 730 

.876 

.948 

.817 

0.009 
.276 
.465 
• 509 
.437 
.368 

-0.011 

.190 

.306 

.270 

.204 

•191 


^ - 30° 


a, 

deg 

\ ^ 
Vb f 

V\. 

°af( c f/ c f') 

°4f 

Y 

0.064- 









0.882 

12.5 

18.2 

20.0 

21.8 

23.8 

.45 

.66 

• 79 
.86 

• 90 

0.577 

1.269 

1.649 

2.009 

2.371 

0.987 

1.918 

2.183 

2.488 

2.755 

0.943 

1.812 

2.190 

2.482 

2.601 

0.698 

1.546 

1.851 

1.900 

1.459 

0.612 

1.233 

1.186 

I.089 

.879 

0.138 

.692 

.853 

1.117 

1.361 



0.223 

.572 

.643 

.654 

.520 

0.159 

.377 
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.249 
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Figure 3.- Variation of lift coefficient with angle of attack for 
several flap configurations. 
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Figure 4. - Cb.ord.wise pressure distribution for five spanwise stations. 

Basic wing. 
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Figure b . - Continued 




Figure 4 .- Concluded. 
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Figure 5 .- Chcrdvise. pressure distribution for five spanvise stations. 

Semi span plain flap deflected 40°. 
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Figure 5* - Concluded 
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Figure 6.- Chordwise pressure distribution for five spanwise stations. 

Droop-nose flap deflected kO° . 
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Figure 6.- Concluded. 
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Figure T»- Chordwise pressure distribution for five spanwise stations. 
Full-span droop-nose flap and semispan plain flap deflected 40 °. 
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Figure 8.- Variation 

of section normal-force and hinge -moment coefficients 1 with angle of attack 
for four configurations. . 
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Figure 9 . - Spanwiee distribution of normal-force and hinge-moment 
parameter for several angles of attack. Basic wing. 
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Figure 10.- Spanvi se distribution of normal-force and hinge-moment 
parameter for several angles of attack. Semispan plain flap 
deflected 40°. 
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Figure 11.- Spanwise distribution of normal- force and hinge-moment 
parameter for several angles of attack. Full-span droop-nose 
flap deflected i+0°. 
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Figure 12.- Spanwise distribution of normal- force and hinge-moment 
parameter for several angles of attack. Full-span droop-nose 
and semispan plain flaps deflected. 4o tf . 





Figure 15 «- Spanvise and chordwise variation of center of pressure with 
angle of attack for seven flap configurations. 
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Figure 1 6 .- Variation of droop-nose flap hinge moment with velocity for 
several likely landing approach configurations. 
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